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ABSTRACT 

(Distribution  Limitation  Statement  No.  2) 


A  method  of  simulating  the  effects  of  the  static  overpressure  of  the  alrblast 
and  the  resulting  aiiblast-induced  ground  notions  associated  with  a  m  clear 
blast  w.is  developed  by  the  Air  Force  Weapons  Laboratory,  and  was  designated 
High  Explosive  Simulation  Technique  (HEST) .  Recently,  the  Air  Force  Weapons 
Laboratory  has  beer  conducting  tests  to  simulate  the  direct-induced  ground 
shock  from  a  nuclear  detonation  and  has  designated  this  simulation  as  Direct 
Induced  High  Explosive  Simulation  Technique  (DIHEST) .  Proposed  construction  of 
new,  harder  weapon  systems  in  rock  sites  made  it  desirable  to  apply  the  HEST 
and  DIHEST  method  to  simulate  these  environments.  This  report  describes  the 
design  and  construction  of  both  the  HANDEC  I  and  HANDEC  II  test  facilities 
that  were  constructed  in  rock  loc;  ted  rear  Cedar  City,  Utah.  Design  criteria 
are  stated,  some  unique  construction  methods  used  are  described,  and  recommen¬ 
dations  are  made  for  application  to  future  similar  projects.  A  complete  set 
of  design  drawings  and  construction  photographe  are  included.  The  Air  Force 
conducted  the  tests  arid  analyzed  the  results.  This  phase  of  the  project  is 
described  in  another  AFVL  technical  report  and  la  not  included  herein, 
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SECTION  I 


INTRODUCTION 

The  United  States  Air  Force  hae  been  assigned  the 
responsibilities  for  conducting  simulated  nuclear  teste  on 
operational  hardened  systems,  for  basic  research  on  nuclear 
weapons  effects  and  tor  providing  information  relative  to  these 
effaces  for  uoo  in  designing  future  hardened  systems.  The 
Nuclear  Test  ban  Treaty  of:  August  1963  made  it  necessary  to 
develop  a  capability  to  simulate  nuclear  weapons  effects.  The 
Civil  Eng lncerlnq  branch  of  the  Air  Force  Weapons  Laboratory 
(AFWb)  responded  with  a  program  that  developed  the  High  Explo¬ 
sive  simulation  Technique  (I1EST),  a  technique  that  simulates 
the  peak,  static  yvorpruuauru  of  the  airblfint  and  the  resulting 
o I r Id ast-luducod  ground  motions  from  a  nuclear  detonation  for 
certain  overpressure  rergou  and  tor  certain  yield  weapons. 
Racontly,  th*  Air  Fores  Weapons  Laboratory  has  bean  conducting 
studios  and  field  i oats  to  simulate  the  direct-induced  ground 
slock  resulting  from  a  nuclear  detonation  and  has  designated 
this  simulation  au  Direct  Induced  High  Explosive  Simulation 
Technique  ( ui  jie.vi') . 

A  redirection  of  effort,  pr umptod  by  the  development  of 
iiuwai  ,  harder  ut.i  ui:Lui  <iu  f  oi  a  new  !  ami  )  y  or  missile 
tael  1  IUom  bam  resulted  in  a  program  to  apply  the  I1LST  and 
D1MEET  technique  to  a  rock  site.  These  projects,  designated 
llANDl.i;  I  cud  IIANoEC  11  Development  Expur  J.iKintu,  wore  purl  ormed 
at  a  tent  area,  located  approximately  II’  mi  loo  northwest  of 
Cedar  City,  Utah,  The  touting  wj/j  a  combined  AIWL  and  contractor 
Of  roil.  Tim  liANbbu'  ;  facility  wmr  douiined  by  AFWb  while  the 
liAIilili.1  I  I  design  wmi  provided  by  the  prii'iu  contractor.  The 
contractu;  performed  oil  cuiurtr  uctiou  tauku.  The  test  tacili- 
tioo,  including  the  construction  of  six  test  structures 
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(research  models)  on  KAKDEC  1  ana  nine  test  structures  on 
HAUDEC  II,  were  built  to  AFWL  providea  parameters.  The  test 
objectives  were i  (1)  to  produce  an  overpressure  and  an  air- 


E'iUOfiUuuv.cu  y  t  o'U  i!ti  uiu  t  tuu  c>iv  i-i.  vnu<ic:uu  *  \  j  o  xniu  wu  u  ^  r  ounw 

shock  wave  Similar  to  that  produced  by  the  cratering  force  of 
a  nuclear  explosion  as  specified  by  the  Air  Force  Weapons 
Laboratory  { AFWL )  in  a  rock  media;  (3)  test  the  time  phasing 
of  HE  SI  and  DIHEST*  (4)  test,  an  instrumentation  syn  tem  in 
protective  piping  in  a  multiple  ground  shock  environment; 

(5)  test  anchored  surface  instrumentation  cable  pipe  systems 
versus  cable  in  a  trench  excavation  in  rock,  with  protective 
pipe  that  was  sand  enclosed  and  concrete  capped;  and  (6)  test 
a  split  pipe  cable  protection  system  which  was  also  sand  en¬ 
closed  and  concrete  capped. 


The  major  simulated  airblast  parameters  were  peak  over¬ 
pressure  level,  shock-front  velocity,  overpressure  duration, 
pulse  shape  and  tc  :ai  impulse.  Simulated  direct-induced 
ground  shock  parameters  were  peak  velocity  and  peak  transient 
displacements.  The  HANDEC  I  and  HANDEC  II  tests  were  fired 
with  a  54  and  42.5  millisecond  delay  respectively  letween  the 
HEST  and  DIHEST  explosions  to  allow  the  two  shock  waves  to  be 
induced  into  the  rock  with  timing  similar  to  that  of  a  spec¬ 
ified  yield  nuclear  explosion.  The  achievement  of  specific 

.  i  y  y  _  a_  .  zr  .c  _  _  t _ _  _ 4 J  *-  1 _  „  „  „  4 ^  4  ~  _ 

a  a.  i.  kj  fa  b  t  Ci  i  CC  W  pucuuiiiciia  inguncu  unc  uuiiuuruuwxwu  u 

supporting  structure  on  rock.  Earth  overburden  was  compacted 
to  a  specified  density  against  the  exterior  concrete  walls  of 
each  test  facility  and  over  the  structural  steel  supports  of 
the  test  facility  structure.  Each  test  facility  structure  was 
instrumented  with  strain  gages  to  verify  structural  design  and 
integrity  of  the  facility  during  surcharge  leading.  Detonating 
cord  was  installed  in  the  test  cavity  of  each  test  facility  in 
specified  amounts  and  configurations  such  that  when  detonated. 
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a  shock  wave  would  propagate  throughout  the  cavity  at  the  design 
velocity.  The  peak  overpressure  was  contained  tor  sufficient 
time  Ty  the  overburden  and  suicharge  support  structure,  which 
provided  a  reactive  force  to  shape  the  resulting  pulse  wave 
and  to  lengthen  its  duration.  The  DIHEST  portion  of  the 
HANDEC  1  test  consisted  of  eleven  holes,.  0  inches  in  diameter, 
at  10  fejt  o.c.  These  holes  formed  a  100-foot  line  parallel 
to  and  located  25  feet  from  the  inside  face  of  the  test  facility 
concrete  wall.  Explosives  for  each  hole  consisted  of  ten 
■  10 -pound  ammonium  nitrate  cannisters  in  e  ich  hole,  located  at 
elevation  minus  13  feet  from  the  test  facility  floor  and  then 
4  feet  on  center  thereafter  to  elevation  minus  49  feet,  giving 
a  total  explosive  of  4400  pounds.  These  charges  were  grouted 
in  place  by  AFWL  personnel.  No  additional  berm  was  provided 
over  the  DIHEST  explosives.  The  DIHEST  portion  of  the  HANDED  11 
test  involved  placing  conventional  explosives  in  29  holes  12  in¬ 
ches  in  diameter  and  spaced  on  7  feet  -  2  inch  centers.  These 
holes  formed  a  200-foot  line  parallel  to  and  located  96  feet 
from  the  inside  face  of  the  test  facility  wall  and  extended 
approximately  70  feet  below  test  bed  elevation.  Explosive  used 
was  lreco  DFA-22M,  an  aluminum  ammonium  nitrate  slurry.  A  total 
of  92,440  pounds  of  explosive  was  uses  in  the  29  holes.  To 
reduce  rock  ejecta,  an  earth  berm  was  constructed  60  feet  wide 
by  290  feet  long,  in  plan,  directly  over  the  29  holes  with  side 
slopes  of  1  1/4  to  1.  Berm  height  was  approximately  bO  foot 
above  test  bed  elevation  as  shown  on  Figure  91. 

The  end  result  of  these  testa  was  the  collection  o!  data 
relating  to  blast  and  shock  wave  effects  on  structures, 
materials  and  instrumentation  gages.  Instrumental  ioi.  in  fhu 
form  of  sensors  was  located  in  and  around  the  cavity  to  recoid 
the  blast  effects  of  the  wave  propagation  through  the  luck 
material.  Sensors  included  displacement  gages,  velocity  gag cu, 
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pressure  gages,  strain  gages,  accelerometers,  and  time-of- 
arrival  crystals.  Instrumentation  sensor  data  was  trans¬ 
mitted  to  a  centralized  trailer  area  and  recorded  for  later 
analysis  by  AFWL  personnel.  Instrumentation  totaled  approxi¬ 
mately  600  active  channels  for  both  tests  plus  passive  measure¬ 
ments  as  specified  by  the  AFWL  document  "HANDEC  I  and  HANDEC  II 
Structural  Measurement  List."  All  instrumentation  for  HANDEC  I 
and  HANDEC  II  was  designed,  procured,  and  installed  by 
technicians  from  the  Air  Force  Weapons  Laboratory,  Special 
Weapons  Center  and  the  E.  H.  Weng  Civil  Engineering  Research 
Facility.  Drilling  services  for  instrumentation  installation 
was  provided  by  the  U.  S.  Army  Corps  of  Engineers,  Mobile 
District,  Mobile,  Alabama,  under  AFWL  direction. 


SECTION  li 


DESIGN  CRITERIA  - 

HEST  -  DIHEST  TEST 

FACILITIES 

4 

Criteria 

HANDKC  I 

HANDEC  11 

• 

l. 

Design  Servlceo  - 

T  -  1  - 

l  LU  IIO  W 

Sj)uc.  it  icatlonu 

Ai'WL 

Contractor 

2. 

Teat  Facility  - 
IT, an  Dimenoion 

GO  teec  wide  x 

40  lect  long 

90  feet  wide  x 

60  feet  long 

3. 

Teat  Facility  - 
Height  Toot  hed 
Floor  to  Bottom 
oi  Boamrr 

G  feet 

S  f eet 

4. 

Surcharge  Loading 

3000  put  t 

100  put  '* 

2000  puf  4. 

100  pel 

Appr oximato  Height 

30  foot 

20  feet 

A 

i. 

'J'OHt  Facility  - 
Walla 

One-toot  thick 

reinforced 

concrete 

One-foot  thick 
re  1 ntorced 
concrete 

% 

6. 

Gli del n 

Structural  utocl 

Structural  ateel 

7. 

C'olumruj 

Structural  stool 

Structural  ateel 

0. 

hi aciny 

Structural  Stool 

Structural  ateel 

V. 

Docking 

Stool  -  coiiuiior- 
cinlly  available 

Steel  -  conuner- 
cially  evailablo 

lo. 

barm  Coni'  lyurotion 

Height  of  the  sur¬ 
charge  by  30  toot 
vide  at  tho  *op 
with  elclo  slope 
of  l  foot  ver¬ 
tical  to  1  1/2 
foot  horizontal 

Height  of  tho  aur- 
charge  by  30  feet 
wide  at  the  top 
with  aide  olopo 
ol.  1  foot  vor- 
ti  :al  to  1  1/2 
foot  horizontal 

1 

11. 

Liu i  in  Compaction 

9G  poi  cunt  of. 
niudiilud  A/iliSu 

S 

9‘j  percent  oi 
modi  tied  AAHSG 

4 


HANDEC  II 


Criteria  HANDEC  I 


12. 

Bearing  for 

Enclosure  Wall 

fit  rih'fnral 

Steel  Columns 

Rock  test  bed 

Rock  test  bed 

13. 

Columns  over  Test 
Structures 

Omit  nuts  on 

a  rmN/M*  Vi  1  +-  *-* 
C.twUWii 

Omit  nuts  on 
a  no  I  ujx  bolts 

14. 

Detonating  Cord 

Government- 

furnished 

400  grain  per 
foot 

Gover  nment- 
f urnished 

400  grain  per 
foot 

15. 

Detonating  Cord 
Mounting 

Wood  racks 

Wood  racks 

16. 

Peak  Overpressure 

6000  psi 

3000  psi 

17. 

Weapon  Simulated 

10  megaton 

1.5  megaton 

18. 

Weave  Angle 

53° 

36° 

19. 

Detonating  Cord 
( Approximately ) 

340,000  feet 

380,000  feet 

20. 

Number  of  Layers  of 
Racks  Installed 
in  the  Cavity 

9 

5 

21. 

Planewave  Generator 
Penetrations  in 
Concrete  Wall 

8 

12 

22,  Instrumentation  AFWL 

Plan 


23,  Trenching  Plan  AFWL 


Provided  by  AFWL 
to  the  contractor 
for  inclusion  in 
the  final  design 
plans  at  the  time 
of  initiation  of 
design 

Provided  by  AFWL 
to  the  contractor 
for  inclusion  in 
the  final  design 
plans  at  the  time 

t  ^  r\  i  ♦-  i  - —  b 

w*.  »«*  w  .».<_*  v  1UU  OL 

design 
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Criteria 

Cable  Protection 
System 

HANDEC  I 

AFWL 

HANDEC  II 

Provided  by  AFWL 
to  the  contractor 
for  inclusion  in 
the  final  design 
plans  at  the  time 
of  initiation  of 
design 

Metal  Storage 
Building 

None 

40  feet  by  100 
feet  metal 
storage  building 
with  interior 
lighting  and 
doors  at  each  end 

Secondary  Elec¬ 
trical  System 

Performed  by 
AFWL 

Secondary  distri¬ 
bution  system 
for  electrical 
power  to  supply 
all  instrumenta¬ 
tion  trailer  and 
utility  require¬ 
ments 

Extension  of. 
electrical  208 
and/or  120  -rrnw 
power  from  t  ie 
main  power  p-xw.l 
to  five  outlying 
areas 

SECTION  Til 


HANDEC  I  DESIGN  PHILOSOPHY 

Because  of  the  temporary  nature  of  this  facility,  the 
following  design  criteria  were  used  for  the  HANDEC  I  test 
facility  designed  by  the  Air  Force  Weapons  Laboratory,  Civil 
Engineering  Branch,  Kirtland  Air  Force  Base,  New  Mexico. 

(1)  Plastic  design  for  steel  beair.s  with  a  load  factor 
of  1.25. 

(2)  Elastic  design  for  columns. 

(3)  Ultimate  strength  design  for  reinforced  concrete 
with  a  load  factor  of  1.0. 

(4)  Ei<'  Stic  design  for  steel  deck  and  subdeck. 

All  vertical  and  lateral  loads  were  assumed  to  be  uniform 
over  and  around  the  entire  structure. 

Footings  were  not  required  under  columns  because  the 
bearing  capacity  cf  the  rock  was  adequate  to  support  the  loads. 
Columns  were  dry-packed  on  the  rock  base.  Lateral  column 
support  was  obtained  by  anchor  bolts  drilled  and  grouted 
directly  into  the  rock  as  shown  on  Figure  72.  Base  plate 
thickness  required  by  design  was  1  3/0  of  an  inch.  Column 
design  by  the  elastic  method  required  6-inch  wide  flange  2 0 
pound  columns. 

Beam  design  lengths  were  based  on  a  4-span  condition 
(31  feet  -  0  inch).  Splice  points  were  located  over  columns. 
Beam  design  required  fourteen  wide  flange  30  pound  beams,  as 
shown  on  Figure  72. 

Subdecking  was  supported  on  the  lower  flanges  of  ttie 
beams  to  provide  a  smooth  celling  in  the  cavity.  Twenty-four 
gage  corruform  was  used  as  shown  by  Figure  72.  Fourteen  inches 
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of  earth  fill  was  then  placed  over  the  subdecking  to  permit 
•welding  structural  decking  to  the  structural  steel  frame. 

Roofdeck  design  was  based  on  a  minimum  deck  length  of 
12  feet  (3  span  lengths).  Elastic  analysis  was  used  for 
design. 

Perimeter  wall  construction  was  reinforced  concrete  and 
designed  to  support  lateral  loads.  Walls  spanned  vertically 
from  the  test  bed  floor  to  a  bond  beam  at  the  top  as  shown 
on  Figure '72.  The  lateral  reaction  at  the  bottom  of  the 
wall  was  resisted  by  friction  and  the  No.  9  dowels  on  3-foot 
centers  drilled  into  the  rock  as  shown  on  Figure  72. 


HANDEC  II  DESIGN  PHILOSOPHY 


Because  of  the  temporary  nature  of  this  facility,  con¬ 
servatism  in  design  was  not  desired.  The  requirement  was  to 
design  a  structure  that  would  be  just  adequate  to  support  the 
imposed  loads  with  a  reasonable  factor  of  safety  against 
failure.  The  statement  of  work  specified  design  would  be  by 
the  plastic  analysis  method  and  that  design  in  accordance 
with  standard  building  codes  was  not  required. 

The  following  design  criteria  were  used  for  the  HANDEC  II 
test  facility: 

(1)  Tlastic  design  for  steel  beams  with  a  load  factor 
of  1.25. 

(2)  Elastic  design  for  columns. 

(3)  Ultimate  strength  design  for  reiuforced  concrete 
with  a  load  factor  of  1.0. 

(4)  Elastic  design  for  steel  deck  and  subdeck. 

(5)  A  25  percent  increase  over  the  allowable  AISC  values 
for  high  strength  bolted  connections  and  a  50 
percent  increase  over  the  allowa?jle  uniform  building 
code  values  for  shear  on  anchor  bolts. 

All  vertical  and  lateral  loads  were  assumed  to  be  uniform 
over  and  around  the  entire  structure.  Unbalanced  vertical 
loads  were  not  considered.  The  plastic  analysis  of  continuous 
beams  does  not  require  the  usual  "checkerboard"  loading  of 
spans,  since  the  load-carrying  capacity  of  any  one  span  is  not 
a  function  of  the  load  on  adjacent  spans. 

To  expedite  erection,  one-bolt  connections  were  used  on 
double  angle  struts  as  shown  on  Figure  92.  The  roof deck  was 
welded  to  the  steel  beams  by  the  "MIG  Inert  Semi-Automatic 
process"  employing  the  "burn- through"  method.  All  structural 
steel  connections  were  bolted  to  minimize  field  welding. 


Footings  were  not  required  under  columns  because  the 
bearing  capacity  of  the  rock  was  sufficient  to  support  the 
loads  imposed.  Therefore,  columns  were  dry-packed  directly 
to  the  rock  floor.  These  columns  were  supported  laterally  by 
anchor  bolts  drilled  and  grouted  directly  into  the  rock. 

Base  plate  thickness  required  by  design  was  much  less 
than  that  used,  based  on  an  allowable  rock  bearing  pressure 
of  10,000  psi.  In  the  exercise  of  engineering  judgment, 
however,  a  minimum  thickness  of  three-quarters  of  an  inch  was 
used  based  on  a  maximum  bending  stress  of  36,000  pounds  per 
square  inch,  the  yield  stress  of  A-36  steel. 

Column  design  was  most  economical  when  based  on  the 
elastic  method  because  the  unsupported  column  length  was  so 
small.  Plastic  design  would  have  required  a  thicker  flange 
than  elastic  design  because  of  the  flange  width-to- thickness 
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requirements  of  plastic  design  which  should  be  equal  to  or  less 
than  17.  Actual  flange  width  to  thickness  used  with  <=  astic 
design  was  22.  Because  the  test  bed  floor  was  not  level,  a 
survey  was  required  to  determine  the  floor  elevation  at  each 
column  location. 

Beam  design  lengths  were  based  on  a  4-span  condition 
(30  feet  -  0  inch).  Splice  points  were  located  over  columns 
in  order  to  avoid  complicated  moment  connections.  Strut  action 
was  relatively  small  and  did  not  reduce  the  plastic  moment 
capacity  of  the  section.  Also,  the  two-bolt  connection  at  the 
splice  was  sufficient  to  transfer  the  lateral  load  through  the 
cap  plate  (see  Figure  92);  therefore,  beam  continuity  was  not 
required.  Compression  flanges  were  supported  laterally  at 
plastic  moment  locations  by  the  rcofdeck  at  mid-span,  ana  by 
the  double  angle  struts  and  stiffeners  at  the  columns.  Beam 
stiffeners  at  the  columns  were  required  in  plastic  design 


because  the  section  proposed  fell  just  sliort  of  the  flange 
width  to  thickness  requirements.  Howevar,  the  beam  stiffeners 
did  serve  other  functions ,  such  as  transferring  the  double 
angle  strut  load  and  preventing  lateral  beam  roll  when  placing 
fill  over  the  subdeck  and  surcharge  over  the  decking.  The 
plastic  failure  mechanism  in  this  design  analysis  i3  the 
development  of  plastic  hinges  at  the  first  interior  support 
and  at  a  distance  of  3,41  feet  from  the  end  support.  Maximum 
shear  occurs  at  the  exterior  side  of  the  first  interior  support 
as  shown  on  Figure  1,  At  this  location,  the  web  shear  capa¬ 
city  cf  the  unreinforced  section  is  reached  prior  to  the  full 
development  of  both  plastic  hinges.  Neglecting  the  web 
doubler  plates  (stiffeners)  at  the  supports,  the  factor  of 
safety  in  shear  would  have  been  only  1,14.  It  was  decided  that 
this  was  too  low  and  the  section  was  reinforced  at  these  criti¬ 
cal  shear  locations  by  web  doublers  as  shown  on  Figure  92. 

This  increased  the  factor  of  safety  to  a  desired  1.25. 

The  subdeck  was  supported  on  the  lower  flanges  of  the 
beams  to  provide  a  flush  smooth  ceiling  in  the  cavity  and  to 
provide  support  for  the  earth  fill  shielding  the  H3ST  explo¬ 
sive  from  welding  operations  on  the  structural  deck.  No 
connections  were  provided  at  supports,  as  shown  by  Figure  92. 
Ten-inch  earth  fill  was  then  added  and  proved  adequate  pro¬ 
tection  for  the  detonating  cord  underneath  during  the  welding 
of  the  roof deck  to  the  structural  steel  beams. 

Roofdeek  design  was  based  on  a  minimum  deck  length  of 
5-spans  or  20  feet.  Elastic  analysis  indicated  that  web 
crippling  at  supports  was  the  governing  factor  in  design. 

Design  in  this  area  was  according  to  the  AISI,  with  the  allowa¬ 
ble  banding  stress  equal  to  the  yield  stress  of  the  material. 


Double  angle  struts  were  used  to  simplify  the  end  connec¬ 
tions  (one  high-strength  bolt  in  double  shear).  Although 
one-bolt  connections  aie  normally  avoided,  it  was  considered 
Justified  because  of  the  temporary  nature  of  the  structure. 


All  hig h— strength  bolts  were  designed  as  friction  type  to 
eliminate  cumulative  tolerances  so  that  rigid  lateral  support 
was  attained  for  the  inflexible  concrete  perimeter  wall  as 
shown  on  Figure  92. 


A  reinforced  concrete  perimeter  wall  1-foot  thick  was 
more  than  adequate  to  support  lateral  loads.  Reinforcing  was 
kept  to  a  minimum  by  using  ultimate  strength  design.  The 
walls  spanned  vertically  from  the  test  bed  floor  to  a  bond 
beam  at  the  top,  which  was  supported  laterally  at  the  north 
and  south  by  the  main  steel  beams,  and  at  the  east  and  west 
by  the  double  angle  struts  as  shown  on  Figure  89.  The  lateral 
reaction  at  the  bottom  of  the  wall  was  resisted  by  friction 
and  No.  7  dowels  spaced  on  3-foot  centers  drilled  into  the  rock 
as  shown  on  Figure  92. 
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SECTION  IV 


DESIGN  SERVICES  PERFORMED 
HANDEC  I 

Drawings  and  specifications  were  provided  by  AL’WL  for 
a  test  facility  conforming  to  the  following  criteria  aid 
requirements: 

1.  The  test  bed  consisted  of  a  cavity  60  feet  vide  by 
40  feet  long  with  an  interior  height  of  6  feet  from  the  test 
bed  floor  to  the  bottom  of  support  beams  and  subdeeking. 

2.  The  structure  was  required  to  support  30  feet  ol 
earth  surcharge  at  100  pounds  per  cubic  foot,  and  waa  designed 
for  a  total  load  of  3000  pounds  per  square  foot.  Lateral  loaciu 
were  based  on  an  active  earth  pressure  of  40  pounds  per  cubic 
foot  equivalent,  fluid  pressure. 

3.  The  test  facility  was  designed  with  a  1-foot-thick 
reinforced  concrete  perimeter  wall,  steel  beams,  columns, 
bracing,  roofdeck  and  subdeck.  The  corners  of  the  perimeter 
walls  were  rounded  to  a  6-foot  radius. 

4.  Surcharge  and  berm  configuration  were  as  shown  on 
the  drawings.  (See  Appendix  III). 

5.  The  cavity  was  filled  with  approximately  340,000 
feet  of  400  grain  per  foot  detonating  cord.  The  detonating 
cord  (Government-furnished)  was  wrapped  on  wood  rocks  at  the 
specified  weave  angle  of  53  degrees  and  installed  in  the 
cavity  in  nine  layers.  Drawings  included  rack  and  installation 
details.  The  perimeter  wall  and  earth  berm  had  eight  1-inch 
diameter  plastic  pipe  penetrations  for  a  planewave  generator 

as  shown  on  Figures  72  and  76. 
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6,  Two  surcharge  dispersal  carmisters  were  used.  Charges 
were  Government-furnished  and  Government-installed  ammonium 
nitrate  cannisters. 

7.  The  instrumentation  locations  were  incorporated  into 
the  final  design  drawings.  All  instrumentation  was  procured 
and  installed  by  AFWL/WLCD  and  AFSWC  technicians  and  the 

E.  H.  Wang  Civil  Engineering  Research  Facility. 

8,  A  trenching  plan  and  cable  protective  system  was 
provided. 

9.  An  area  excavation  plan  ishowing  existing  grades  and 
rock  elevations  on  a  4  foot  by  7  feet  -  6  inches  grid  was 
provided. 

10.  An  area  excavation  plan  for  the  test  structures  and 
their  dimensions  within  the  test  bed  was  provided. 

11.  Plans  were  provided  for  additional  bays  for  the 
•  instrumentation  trailer  protective  structure. 

12.  Preliminary  and  final  specifications  were  prepared 
in  normal  construction  specification  format. 


IIAHL'LC  XI 


1.  The  test  be d  consisted  of  a  cavity  90  feet  wide  by 
u0  feet  long  with  an  interior  height  of  5  feet  from  the  test 
bed  L  loor  to  the  bottom  of  support  bean's. 

?.  The  overpressure  support  structure  was  required  to 
support  20  lent  ol  earth  surcharge  at  100  pounds  jer  cubic 
foot,  and  was  designed  for  a  total  load  of  2100  pounds  per 
square  foot.  Lateral  loads  were  based  on  an  active  earth 
proouuro  oi  40  pounds  per  cubic  foot  equivalent  fluid  pressure. 

3.  The  test,  facility  was  designed  with  1-f oot--thick 
reinforced  concrete  perimeter  wall,  steel  beams,  columns, 
bracing,  rool  deck  and  subdock.  The  corners  of  the  perimeter 
walls  were  rounded  to  a  6-foot  radius. 

4.  Surcharge  and  berm  configuration  for  the  BEST  and 
IblllbdT  were  os  3hown  on  the  drawings,  (See  Appendix  XV). 

0.  The  cavity  wan  tilled  with  approximately  380,000  feet 
of  400  grain  per  foot  detonating  cord.  The  detonating  cord 
(Government-furnished )  was  wrapped  on  wood  racks  at  a  specified 
weave  anglo  ot  36  degrees  und  installed  in  the  cavity  in  five 
layoru.  Drawings  included  rack  and  Installation  details.  The 
perimeter  woll  and  earth  berm  hud  twelve  1-inch  diameter 
plow  tic  pipe  penetrations  for  the  planewave  generator. 

u.  Three  surcharge  dispersal  cann inters  were  used. 

Churgeu  were  Governmont-f uruished,  Government-installed 
ammonium  nitrate  ennnisteru. 

7,  The  instrumentation  locations  provided  by  AifWL  were 
incorporated  into  t-ho  final  design  drawinys.  All  instrumenta¬ 
tion  was  procured  arid  installed  by  technicians  from  AFWL,  ATSWC 
and  tho  L.  Ii.  Wang  Civil  engineering  kesesre'n  raciiity. 
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Q.  A  trenching  plan  and  cable  protective  system  was 
provided  for  both  surface  and  buried  pipe. 

9.  A  test  bed  plan  showing  existing  natural  grades  and 
rock  elevations  on  a  15  by  15  foot  grid  was  provided. 

10.  An  area  excavation  plan  showing  dimensions  of  the 
test  structures  within  the  test  bed  was  provided. 

11.  Preliminary  and  final  specifications  were  prepared 
in  normal  construction  specification  format. 

12.  A  pre-f abricated  metal  storage  building  40  feet  by 
100  feet  with  interior  lighting  was  designed. 


13.  A  secondary  electrical  distribution  system  was 
designed  for  electrical  power  to  supply  all  instrumentation 
trailer  and  utility  requirements. 


14.  Extension  of  electrical  service  provided  by  AFW 
on  HANDEC  I  was  designed  for  five  outlying  areas:  (1)  con¬ 
struction  yard,  (2)  location  of  test  bed  construction  for 
both  tests,  (3)  explosive  storage  area,  (4)  detonating  cord 
wrapping  area,  (5)  the  pre-f abricated  metal  storage  building. 


15. 

locations 


Flood  lighting  was  designed  for  the  following 
in  the  number  indicated: 

a.  Trailer  Shelter  -  4  each  (permanent). 

b.  Explosive  Storage  Area  -  4  each  (permanent). 

c.  Detonating  Cord  Wrapping  Area  -  2  each  (permanent). 


d.  Test  Facility  -  4  each  (portable). 

e.  Pre-Fab  Storage  Building  -  1  each  (permanent). 


Flood  lights  were  furnished  by  the  Government. 
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16.  Lightning  protective  systems  for  the  following 
areas  were  designed  as  shown  on  Figure  105. 

a j  HANDEC  I  Test  Area, 
h.  HANDEC  XI  Test  Area. 

Co  Detonating  Cord  Rack  Storage  Area, 
d.  Explosive  Storage  Area. 


SECTION  V 


CONSTRUCTION  TASKS  PERFORMED  TOR  HANDEC  l  AND  II 

The  contractor  provided  all  plans,  labor,  equip.'.ient,  and 
materials  (except  Shone  stipulated  no  Cover  iiment-l  urnlshed ) 
to  per  loin;  the  following  construction  t-okm 

1.  Grading  and  excavation  as  required  for  the  teat  beds. 

2.  Furnishing  ail  structural  materials  and  the  con¬ 
struction  of  the  test  facilitioo  in  .accordance  with  the 
drawings  shown  in  Append  ices  1.3  1  and  IV. 

2.  Placing  the  surcharge  on,  and  building  t Vie  barma 
around,  the  tent  facilitioo. 

4.  Furnishing  and  inm.nl.  1  inj  the  plastic  irrigation  pi;>eo 
through  the  wall  and  the  Perm  for  protection  leaun  to  the 
planewavfc  generator. 

5„  Furnishing  nil  mat.©/ in). r<  and  constructing  the  explosive 
racks,  wrapping  tlva  detr/natj  i.  j  com  on  tho  rack«  tnU  it. stalling 
the  wrapped  racks  Into  U>.  '..urat  facilil  ion. 

6.  Furnishing  all  r*t<0ilaL  and  ocnatrucLl ny  an  tixplotlvo 
rack  support  system. 

7.  1.  y  ca  Vl<  t.  i  tv.i  J-C^ot  i  inti  umnntatiou  trenches 

in  the  test  b oO  on  details.?  un  the  drawinuu. 

8.  Locating  the  t.veni.'hon  and  towt  wiruttuinu  In  the  test 
beds  tor  the  Govwi  nmniit  *,’urd  tshud  nn.“  cpwiateu  drill  rig*. 

').  Tut  n  d  shl  t.ij  all  ivo  i  m  1  #  in  and  *"•«  uctl  ng  live  AFWi, 
instrumentation  cable  j>r  ptt/uMcn  system  an  detailed  <;n  tn«* 
design  drawings, 

10.  Removing  all  iw.k  inni.m  I  n  1  I  i  om  tiene'hid/  and  tost 
Jtxucturro  nu  ifh.twn  on  Miu  UMilgn  drawings  except  the  uiulned 
silo  on  llAUb.'ic  1 , 
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11.  Furnishing  all  material  and  constructing  the 
research  tort  model  support s  and  the  test  structures  in 
accordance  with  the  design  drawings  and  specifications,, 

12.  Filling  of  all  instrumentation  cable  trenches  with 
a  15  tc  18  inch  sar.d  cushion  in  the  trench  bottom  and  pro¬ 
viding  a  3000  psi  concrete  cap  to  the  level  of  the  test  bed. 

13.  Constructing  a  6  bay  instrumentation  trailer  shelter 
and  berm. 

14.  Constructing  a  40  foot  by  100  foou  pre-f abricatec 
storage  building. 

15.  Furnishing  all  material  and  fabricating  four  sheet.- 
metal  targets. 

16.  Furnishing  ail  material  and  constructing  four  light¬ 
ning  protective  systems,  one  at  both  test  facilities,  one 

at  the  explosives  area,  and  one  at  the  rack,  storage  area,. 

17.  Constructing  an  explosive  storage  bunker  in  accord¬ 
ance  with  AFWL  drawings. 

.'.8.  Grading,  compacting  and  constructing  necessary 
drainage  of  local  access  roads  to  all  storage,  construction 
and  work  areas.  The  total  length  of  all  access  roads  was  to 
be  approximately  10,000  feet  according  tc  the  statement  of 

work. 

19.  Furnishing  all  necessary  snow  removal  of  all  roads 
within  the  AFWL  test  site  during  the  term,  of  the  contract. 

20.  Constructing  the  secondary  distribution  system,  for 
electrical  power  needed  to  supply  all  instrumentation  trailer 
and  utility  requirements. 

21.  Hocking  up  and  phasing  of  the  instrumentation 
trailers  with  the  isolation  transformers. 
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22,  Extending  electrical  power  209  and/or  120  vrr.is 
> rom  the  iua.~-?i  power  panel  to  five  outlying  areas, 

23,  Furnishing  all  material  and  labor  to  Jnstall  light¬ 
ing  lr.  the  pte-fabr icated  building. 

24,  Installing  all  flood  lights  in  accordance  with  the 
statement  or  work. 

25,  Renovating  the  test  site  after  the  completion  of 
each  test.  Site  renovation  included  the  following: 

a.  Removal  of  the  surcharge  and  debris  from 
the  entire  test  bed. 

b.  Removal  of  125  linear  feet  of  concrete  cap 
from  the  cable  protective  trenches  on  the 
HANDEC  II  test  bed. 

20.  Furnishing  all  labor  and  equipment  for  removal  ot 
all  debris  from  both  test  sites. 

27.  Removing  ali  test  closures  from  HANDEC  I  and 
liAKDEC  JI  for  AFWL  inspection, 

2e.  Furnishing  and  installing  a  four-strand  barbed  wire 
fence  around  both  test  beds  afrer  the  test  event. 

2?.  Providing  ell  necessary  office  facilities  at  the 
.test  site  for  contractor  personnel  in  mobile  vans. 

?0o  I'lovidiny  chemical  toilets  and  drinking  water  tor 
^Xv  Force  and  construction  personnel. 
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CONSTRUCTION  METHODS 


The  following  is  a  listing  and  description  of  some  of 
the  unique  construction  procedures  employed  by  the  contractor 
to  expedite  construction  and  maintain  the  tight  schedule* 
Throughout  the  entire  proect,  time  was  economized  and  in 
some  instances,  production  line  methods  were  devised  to  achieve 
uniformity  in  construction  and  to  minimize  human  error. 

1.  DETONATING  CORD  CUTTING  AND  SEALING 

Detcnatiny  cords  were  cut  three  ft  o  time  with  a  paper 
shear  and  then  the  cut  ends  were  dipped  into  hot  wax 
to  seal  them.  This  eliminated  placing  caps  on  or  taping 
the  ends  of  cord. 

2.  DETONATING  CORD  RACK  FABRICATION 

All  detonating  cord  rack  members  were  cut  to  length  and 
spacing  blocks  were  stapled  thereon  in  the  contractor's 
shop  in  Cedar  City.  This  enabled  work  to  be  performed 
inside  during  inclement  winter  weather  conditions.  Racks 
were  then  delivered  to  the  job  site  for  assembly,  wrap¬ 
ping  and  final  installation  into  the  test  bed. 

3.  DETONATING  CORD  RACK  ASSEMBLY  AND  INSTALLATION 

w~\  hv./T.Lfter  individual  racks  were  wrapped  with  detonating  cord. 

?v.r  '  * 

v.'vv-y.:v '  '  they  were  placed  on  wooden  support  racks  to  make  up 

assemblies  of  the  required  number  of  layer3.  Once  this 
■  operation  was  complete,  all  vertical  ties  were  mac?e  between 
A' ‘  racks  and  the  planewave  generator  distribution  panels  were 
connected,  leaving  only  the  horizontal  ties  to  be  made 
j  .inside  the  test  bed.  Rack  assemblies  were  then  transported 
to  the  teat  facility  with  a  forklift  and  lowered  into 


23 


* 


■a  tov» 


UKtU 


position  with  a  crane.  However,  with  this  method,  steel 
beams  cannot  be  placed  until  detonating  cord  is  placed 
in  the  test  cavity. 

4.  PLACEMENT  OF  SUBDECK  FILE 

Subdeck  fill  was  placen  with  a  crane  and  bucket.  T'niii 
was  possible  since  the  plan  dimensions  of  both  the  IJANOEC 
I  and  HANDEC  II  test  beds  were  relatively  small. 

5.  ROOFDECK  WELDING 

All  of  the  roofdeck.  was  welded  to  the  support  beams  by 
the  "MIG  Inert  Gas  Welding"  process.  This  is  a  machine 
welding  process  whereby  puddle  welding  is  automatical ly 
achieved  with  a  welding  "gun."  A  preset  timer  inaures 
uniform  welds.  The  "burn-thru"  method  wee  employed,  which 
allows  welding  in  any  location  because  tests  conducted  on 
the  ROCKTEST  I  project  demonstrated  thet  pre-punc'neri  holes 
are  unnecessary.  This  process  has  proved  satisfactory 
becaust  both  fabrication  coat#  and  welding  time  were 
minimized.  Sections  cut  through  test  welds  showed  complete 
penetration  ueing  this  technique  cn  the  ROCirTEST  7.  project, 

6.  TRENCH  EXCAVATION 

Numerous  tescs  were  conducted  to  determine  the  best  method 
for  blasting  instrumental  trenches.  After  experimenta¬ 
tion  at  the  Cedar  City  tes,  sits,  the  contractor  found  that 
400  grain  detonating  cord  spaced  in  2  3/4  inch  hole a  on  1 
foot  centers  each  side  of  crunches  produced  the  best  method 
for  trench  excavation.  (Corps  of  Engineers  drilled  the 
centerline  of  these  trenches  with  6-inch  relief  holes,  side 
by  side.)  See  Figure  2. 
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SECTION  (A) 

I  in  =  I  ft-0  in 

Figure  2.  'lypic.-l  Tri  rich  biaaling  Method  for  HANDLE  II 


7.  BACKPACKED  SILO 

Aitnough  only  one  steel  liner  was  shown  on  the  drawings, 
the  contractor  provided  a  steel  shell  on  both  sides  of 
the  reinforced  concrete  wall  for  the  lined  backpacked 
silo  as  shown  on  Figure  51.  Reinforcing  steel  was  placed 
on  the  inner  liner  and  then  the  outside  shell  was  placed 
and  the  concrete  poured.  The  entire  silo  was  then  lifted 
into  the  rock  cavity  by  use  of  a  crane  and  backpacking 
material  was  applied  between  rock  and  outer  steel  shell, 
CERF  personnel  applied  a  low  density  foam  concrete  back¬ 
packing  material  as  shown  on  Figures  55  and  56,  between 
the  outer  steel  liner  and  the  rock. 


SECTION  VII 


CONSTRUCTION  PROBLEMS 

Following  is  a  summary  listing  of  problems  encountered 
duriny  construction  and  a  descript  ion  of  the  solutions  that 
were  applied . 

1.  The  cable  protection  trenches  had  to  be  left  open 
until  nearly  the  end  ol  construction  period  because  of 
instrumentation.  This  delay  caused  the  construction  con¬ 
tractor  to  hang  steel  columns  to  the  beams  supported  by  the 
wails  in  order  to  locate  anchor  bolt  positions  so  that  holes 
for  base  plates  could  be  located  and  drilled.  Beams  then  had 
to  be  removed  in  order  to  place  detonating  cord  rack  assemblies 
after  fabrication.  Detonating  cord  racks  were  then  placed  and 
subsequently  the  structural  steel  was  reset. 

2.  The  HANDEC  II  lined  and  1 ined-backpacked  silos  were 
line  drilled  around  their  perimeter  with  &  inch  holes.  The 
initial  drilling  for  the  lined  silo  provided  too  small  a 
diameter  at  the  bottom  of  the  silo  because  the  Government-pro¬ 
vided  drill  holes  (drilled  by  COE)  deviated  from  true  vertical 
with  depth.  (See  Figures  46  and  46.)  This  silo  had  to  be 
enlarged  by  chipping  with  pavement  breakers  and  drilling  and 
shooting  with  400  grain  detonating  cord.  This  problem  can 

be  avoided  by  drilling  with  a  core  barrel  the  same  diameter  as 
the  silo  (Cabx  Method). 

3.  Due  ‘c  safety  requirements,  the  detonating  cord  racks 
for  HANDEC  II  had  to  be  moved  and  relocated  because  of  the 
proximity  of  the  HANDEC  I  test  to  the  rack  storage  area. 
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4.  Extreme  difficulty  was  experienced  on  HANDEC  I  in 
fitting  the  detonatinj  cord  racks  and  rack  suppo- ts  between 
columns  and  into  the  cavity,  The  explosive  density  necessary 
to  obtain  the  pressures  desired  from  the  test,  coupled  with 
sympathetic  detonation  minimum  separation  requirements,  made 

the  HANDEC  I  design  approach  the  limit  for  detonating  cord  density 
attainable  in  a  WEST  facility.  If  higher  pressures  and  other 
simulation  effects  of  nuclear  weapons  are  desired  in  the  future, 
alternate  methods  to  replace  atmospheric  detonation  of  detona¬ 
ting  cord  will  have  to  be  developed  to  meet  these  requirements. 

5.  Problems  developed  on  the  HANDEC  II  structures 
which  were  fabiicated  for  the  contractor  by  American  Bridge. 

Silo  closure  bearing  rings  were  not  level  and  several  model 
structures  had  the  top  bearing  ring  spliced  and  welded  in 
violation  of  the  design  drawings.  AFWL  HANDEC  II  drawings, 
however,  did  not  specify  the  bearing  surface  tolerances  which 
were  desired.  (See  Figures  47  and  48.)  This  had  not  been  spe¬ 
cified  before  on  the  ROCKTEST  I  test  and  satisfactory  structures 
were  obtained.  The  contractor,  through  AFWL,  returned  these 
structures  and  models  to  American  Bridge  for  correction.  This 
problem  delayed  instrumentation  installation  and  the  contractor 
while  American  Bridge  made  the  necessary  corrections  to  these 
structures . 

6.  Detonating  cord  rack  supports  for  HANDEC  I  (see 
Figure  75)  were  redesigned  by  the  contractor  for  better 
structural  support.  Dowels  and  2  by  2  inch  lumber  were  elimi¬ 
nated,  thereby  requiring  fewer  piece  parts  and  less  labor 
during  assembly.  (See  Figure  3.) 
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7.  Trouble  w as  experienced  on  site  with  the  three  wire 
number  4-0  aluminum  direct  burial  insulation  cable  providing 
480  volt  electrical  service  to  the  outlying  construction 
areas.  Tt.ase  cables  were  installed  under  the  HANDEC  I  portion 
of  the  electrical  work.  Power  was  lost  directly  to  ground  and 
the  contractor  burned  out  numerous  small  power  tools  due  to 
lack  of  sufficient  power. 

8.  Although  not  a  construction  problem  as  such,  on  test 
event  day  during  removal  of  vehicles  and  construction  equip¬ 
ment  in  preparation  for  the  HANDEC  II  test  event,  a  COE  rig 
drove  into  the  primary  power  supply  downing  one  wire  and 
knocking  out  power  to  instrumentation  trailers  and  site  at 

T  -  2  1/2  hours.  This  caused  a  four  hour  delay  in  the  test 
and  the  countdown  had  to  be  restarted.  This  delayed  the 
contractor  from  returning  construction  equipment  and  crews 
until  the  next  day. 

9.  The  contractor  was  delayed  by  the  Government  for 
the  following  reasons: 

o.  AFWL  was  conducting  a  series  of  sixteen 

experiments  named  "Merry-Go-Round  II"  on  site 
to  determine  the  following: 

(1)  Exact  type  of  explosive  to  be  used  for 
the  DIHEST  portion  of  HANDEC  I  and 
HANDEC  II  tests. 

(2)  Dynamic  shock  piopagation  characteristics 
of  the  in  situ  rock. 

(3)  Effects  of  various  explosive-to-rock 
coupling  techniques  on  free  field  stress 
wave  forms  generated  in  this  type  rock. 

(4)  Instrumentation  function  in  this  rock 
under  shock  loading. 
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These  sixteen  experiments,  conducted  in  thirty  days, 
caused  the  contractor  delays  because  construction  equipment 
and  personnel  had  to  be  moved  for  safety  requirements  during 
these  tests. 

b.  Once  an  explosive  had  been  chosen,  AFWI,  conducted 
the  DATEX  1  Experiment  to  give  further  informa¬ 
tion  needed  for  the  HANDEC  I  test. 

c.  After  completion  of  the  HANDEC  I  test,  AFWL 
conducted  DATEX  II  to  provide  data  necessary 
for  the  HANDEC  II  DIHEST  requirements. 

d.  Instrumentation  procurement  and  installation 
delayed  the  contractor  from  meeting  the  schedule 
originally  required  by  the  statement  of  work. 

The  contractor  had  to  hold  his  construction 
personnel  on  a  standby  basis  to  complete  the 
project. 

10.  During  construction  of  the  HANDEC  II  HE ST  facility 
structure,  a  fabrication  error  occurred.  Design  drawings 
specified  beams  to  be  spliced  at  30  feet  -  0  inch  o.c. 
Structural  steel  beams  were  delivered  to  the  test  site  in 
46  feet  -  0  inch  lengths.  A  structural  design  check  by  AFX  L 
personnel  revealed  that  greater  structural  continuity  would  be 
obtained  with  the  longer  beams  and  only  one  splice  point  at  the 
center  line  of  the  structure.  Web  doubler  plates  were  welded 
to  the  beam  webs  at  the  first  interior  support  each  side  of 
the  splice  to  take  the  critical  shear  loads.  This  avoided 
returning  the  structural  steel  to  the  fabricator  for  corruption 
and  prevented  loss  of  construction  time. 


SECTION  VIII 


CONCLUSIONS  AND  RECOMKE^’DaI  '  ONS 

Based  on  the  problems  encountered  and  r^-ariatiw  gained 
on  this  project,  the  following  conclusions  atid  recommendations 
are  made  for  application  to  similar  projects  that  may  .be 
undertaken  in  the  future. 

1.  Structural  Concept  Study 

If  HEST  and  DIH5ST  testing  is  to  be  continued  io  the  future 
over  increasing  larger  areas,  it  is  recommended  that  structural 
design  concepts  and  trade-off  studies  be  perform?;;?  to  determine 
the  optimum  and  most  economical  structural  framing  system  for 
these  facilities  compatible  with  new  explosive  techniques  which 
may  be  developed  for  future  HEST  and  DIHEST  projects.  For 
example,  an  alternate  framing  method  would  be  to  pour  high-early 
strength  concrete  directly  over  the  subdecking  now  used,  thereby 
eliminating  the  steel  strut  angles  between  beams  and  their  high 
strength  bolted  connections  plus  the  cost  of  the  structural 
steel  decking.  Additional  savings  from  use  of  this  technique 
would  be  realized  from  labor  saved  by  steel  erection,  the 
elimination  of  earth  fill  between  both  decks  and  the  installa¬ 
tion  and  welding  of  the  structural  deck  now  used  to  brace  the 
steel  beams  and  support  the  surcharge.  These  savings  coupled 
with  the  fact  that  competent,  efficient  iron  workers  are  scarce 
in  remote  test  site  areas  should  prove  to  be  a  significant 
cost  saving  to  the  government. 

Unlike  design  of  structures  to  resist  usual  loads,  wherein 
most  design  stresses  remain  well  under  the  yield  point  of 
materials,  economy  in  design  of  HEST-DIHEST  facilities  dictates 
that  they  sustain  as  much  deformation  as  can  be  allowed  within 
their  ability  to  perform  the  function  of  a  "temporary  structure" 
in  accordance  with  Air  Force  Design  Manual  88-3,  utilizing 
plastic  or  ultimate  strength  design  methods. 
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Other  building  materials  and  construction  methods  should 
be  studied  to  obtain  an  ideal  structural  nodule,  in  an  attempt 
to  eliminate  some  of  the  many  columns  and  beams  new  required 
for  these  structures.  Composite  design  and  precast,  prestiessed 
and  reinforced  concrete  construction  should  be  investigated. 
Construction  cost  estimates  should  be  included  with  this  study. 
Once  such  a  study  has  been  completed  and  severaL  alternate 
concepts  have  been  selected,  actual  field  loading  of  these 
facilities  to  failure  should  be  conducted  to  further  correlate 
design  with  failure  modes.  This  will  enable  the  structural 
designer  to  verify  ultimate  load,  determine  the  mode  ct  failure 
and  provide  a  suitable  safety  factor  for  much  largei  tuiurc 
facilities. 

2.  Test  Site  Survey 

The  entire  test  site  should  be  surveyed  by  a  competent 
registered  civil  engineer  or  licensed  land  surveyor  prior  to 
any  work  on  the  test  sice.  Depending  on  site  location  and 
local  terrain,  clearing  the  test  site  of  trees  and  brush  might 
be  the  initial  consideration.  1'rawings  at  a  suitable  scale 
should  be  provided  to  show  the  following: 

a.  Limits  of  government  property  or  test  site. 

b.  Existing  natural  contours  at  5-foot  intervals. 

c.  Location  of  teat  bed  giving  rock  and  soil  elevations 
at  a  specified  grid. 

d.  Location  of  existing  bench  marks. 

e.  Provision  and  location  of  additional  markers  which 
cannot  be  destroyed  by  construction  equipment  or 
the  test  event. 


Once  this  survey  is  completed  the  entire  test  site  should 
be  planned  for: 

a.  Necessary  roads 

b.  Contractor  construction  yard 

c.  Soil  borrow  location 

d.  Water  storage 

e.  Temporary  structures 

f.  Parking  area 

\ 

g.  Trailer  area 

h.  Material  storage  area 

i.  Lighting  and  power  poles 
Security 

k.  Explosive  storage  area 

l.  Explosive  buildings 

m*  Detonating  cord  storage  area 

n.  Instrumentation  protective  trailer  structure 

o.  Metal  bunkers  for  instrumentation 

p.  Concrete  batch  plant 

q.  Corps  of  Engineers  construction  yard  if  applicable 

r.  Camera  towers 

s.  Lightning  protection 

3 .  Portable  Materials  Testing  Laboratory 

An  agency  of  the  Air  Force  should  -  c 

modern  portable  materials  testing  laboratory  and  tram  or 
obtain  qualified  personnel  to  operate  such  a  facility  for 
future  governmental  projects  of  this  nature.  Such  a  facility 


would  enable  the  government  to  verify  quickly  the  compliance 
with  specification  of  building  materials  as  they  arrive  on  a 
teat  site.  Test  data  delays  could  be  avoided  by  early  action 
should  a  product  not  conform  to  the  requirements  of  the  design 
specifications.  This  portable  laboratory  should  contain  a 
complete  set  of  Military  Standard  specifications  and  ASTM 
specifications.  The  laboratory  should  be  capable  of  testing 
concrete#  structural  steel#  reinforcing  steel#  steel  decking# 
bolts#  high  strength  bolts#  inserts#  etc.  The  Air  Force 
testing  agency  should  then  provide  the  contractor  and  necessary 
Air  Force  personnel  with  a  written  report  within  twenty-four 
hours  containing  the  results  of  the  tests  performed#  and  their 
compliance  with  job  specifications. 

4.  Camera  Tower 

One  camera  tower  and  the  high  speec  camels  ir.cta! ’ed 
.thereon#  located  460  feet  from  the  KANDEC  I 1  test  bod#  was 
severely  damaged  and  brought  down  by  the  HANDEC  II  test  event 
flying  debris  and  ground  shock.  The  high  speed  cameras  (1500 
frames  per  second)  were  located  at  this  range  in  order  to 
photograph  the  one-inch  line  markers  on  the  targets  placed 
atop  the  surcharge  during  the  test.  See  Figure  93.  Damage  to 
the  cameras  and  their  protective  cases  was  estimated  at 
$7# 000.00.  The  tower  was  a  rented  type  scaffolding#  guyed  by 
wire#  at  several  locations.  Although  the  cameras  were  damaged# 
the  necessary  photography  was  obtained  from  the  test. 

The  AFWL  should  investigate  the  use  of  wider  markers  on 
these  targets  in  order  to  locate  camera  towers  at  a  greater 
distance  on  future  tests  to  avoid  additional  costs  to  the 
government#  provided  all  technical  data  requirements  can  still 
be  obtained. 
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i .  Dr  11 line  Services 

Several  ce:  t.  facilities'  have  been  constr  .cted  in  rock 
sites  and  trouble  has  been  experienced  on  each  project  with 
government  drill  crews  being  unable  to  drill  within  dimensions 
and  tolerances  required  by  plans  and  specifications.  Therefore, 
it  is  recommenced  to  avoid  recurrence  of  this  same  problem  on 
future  projects,  that  a  suiuy  anu  test  drilling  and  excavation 
program  be  conducted  by  a  consulting  engineer,  ;onti actor,  or 
the  government  to  compare  drilling  methods,  drilling  tolerances, 
anc  excavation  techniques,  time  and  costs  with  those  now  being 
used. 

6 .  Electrical  Power 

Direct  burial  cable  to  the  HANPEC  I  test  bed  and  outlying 
areas  as  shown  on  Figures  65  and  86  gave  unsatisf aotory  power' 
at  these  locations.  The  combination  of  wire  aizr  used  for  the 
distances  requxred  with  the  direct  burial  of  tne  wire  gave 
excessive  electrical  loss  directly  to  ground.  It  is  therefore 
lecommended  for  future  tests  a  licensed  professional  electrical 
engineer  provide  all  electrical  design  and  chat  all  electrical 
wire  be  placed  in  either  Rigid  Steel  Conduit  meeting  Federal 
Specification  ww-C-581  or  Plastic  (PUC)  Conduit  Federal 
Specification  W-C-1094. 

7 ,  Shop  inspection 

The  responsible  Air  Lores  organization  or  deuign  agency 
enould  provide  whop  inspection  by  qualified  inspection 
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8 .  Instrumentation  Cable  Protective  System 

Three  types  of  instrumentation  cable  protective  systems 
were  tested  on  the  HANDEC  I  and  Hi*NDEC  II  tests.  They  were 
as  follows: 

a.  Schedule  80  steel  pipe,  placed  in  a  rock  trench, 
sauu  enclosed  and  concrete  capped  as  shown  on 
typical  trenching  section  Figure  96. 

b.  Schedule  80  steel  pipe,  surface  anchored  tc  the 
rock  with,  steel  ..traf a  at  2  feet  -  0  inch  o.c.  as 

,  shown  by  derail  1  in  Figure  96. 

C.  Schedule  80  steel  pipe,  split  half  with  steel  flanges 
'■'.'welded  to  the  pipe  at  2-foot  intervals  for  bolting 
the  two  pieces  of  pipe  with  3/8  inch  bolts  after  the 
'  instrumentation  cable  had  been  installed.  This 

system  avoids  threading  the  steel  pipe  over  the  instru- 
,  mentation  wire  bundles,  as  required  by  a.  and  b.  above. 

i  ■  ■*  " 

The  AFWL  technical  report  on  cost  results  should  evaluate 
instrumentation  results  vning  these  three  protective  systems 
to  determine  which  system  should  be  used  for  future  HEST-DIHEST 
'testing  to  provide  the  greatest  cost  saving  to  tne  (Jovernmsnt. 

Future  HFf,T-DIIiE9T  tests  thou  Id  design  ana  test  other  method 

such  ecu 

a.  Shallow  trench  with  reinforced  concrete  cover  slab. 

b.  ’’laic,  sand  burial. 

c.  Jhallow  trench,  concrcit.a  encased  and  reinforced. 

d.  Vabl'a  pnesweu  iu  low  density  foam  concrete. 

!  •.  Vac  lour;  type  ;  o*  c«..blo  with  uomu  c£  the  ^boVM-inentipned 
deuign  coric<pt». 
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As-Suilt  Drawings 


Minor  instrumentation  changes  were  made  just  prior  to 
loading  the  test,  pits  with  detonating  cord.  Since  these 


~  - - - 

kj  t-  >-gii 


^  ^  v- 
A.  W->_ 


*  '  ^  \f  c  1 

r>vw  rw 


fuCrithc  2^wOir  t-sst 


it  is  recommended  that  future  statements  of  work  for  similar 
tests  provide  for  making  as-built  drawings  to  reflect  late 
instrumentation,  research  structure  or  structural  changes  to 
provide  the  Government  with  a  permanent  construction  record. 


10.  Schedule 


The  HANDEC  I  test  event  was  originally  scheduled  to  take 
place  100  days  after  contract  award  and  the  HANDEC  II  test 
was  to  be  conducted  150  days  after  contract  award.  Belays 
were  encountered  on  loth  tests  due  to  no  fault  of  the  construc¬ 
tion  contractor.  Because  of  technical  requirements,  an  entire 
series  of  twenty  tests  (including  HANDEC  I  and  II)  had  to  be 
conducted  in  a  very  small  area  (less  than  1000  feet  diameter). 
All  of  the  above  testing  had  an  impact  on  the  original  state¬ 
ment  of  woi k.  Other  delays  encountered  were  in  instrumenta¬ 
tion  procurement  (since  these  are  long  lead  time  items)  and 
installation  of  instrumentation  in  structures  and  research 
motels.  Still  another  factor  which  had  some  impact  on  the 
schedule  was  that  during  construction  of  these  projects,  the 
contractor  was  contracted  to  clean  the  R0CKrpEST  II  test  bed 
for  visual  inspection  and  photographic  coverage  by  the  Air  Force 
from  work  performed  by  a  previous  AFWL  contractor.  AFWL  then 
contracted  with  the  contractor  to  lower  the  ROCKTEST  II  test 
bed  approximately  seven  ieet  in  an  attempt  to  obtain  a  more 
level  teat  bad  for  tne  surcharge  support  structure.  All  of  the 
above  items  delayed  tne  construction  contractor.  HANDEC  I  was 
Completed  in  1‘jfc  dayt;  aLter  contract  award  and  HANDEC  II 
required  211  dayu  to  complete.  Thu re lore,  HAPDEC  I  required 
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an  additional  56  days,  and  HANDEC  II  required  an  additional 
62  days.  Considering  the  number  of  tests  performed  by  AFWL  in 
such  a  short  period  of  time,  it  appears  that  the  delays  en¬ 
countered  were  Justifiable  since  much  of  the  construction  was 
performed  in  the  winter  months  during  inclement  weather. 


This  page  intentionally  left  blank. 


APPENDIX  I 


RESUME  OF  BI-WEEKLY  PROGRESS  LETTERS 


During  the  contractual  period  of  performance,  bi-weekly 
progress  letters  were  submitted  to  the  AFWL  Project  Office 
and  AFSWC  Procurement  Division  by  the  contractor.  These 
reports  provided  a  summary  of  the  project  status  with  respect 
to  scheaule,  problem  areas,  trips,  meetings,  conferences  ana 
program  funding. 

The  contents  of  each  of  the  bi-weekly  letters  are 
summarized  below  to  provide  a  chronological  account  of  the 
major  events  occurring  during  the  performance  of  this  project. 
If  mor  i  detailed  information  is  desired,  reference  should  be 
made  to  the  specific  progress  letuer  for  the  period  concerned. 

1.  FIRST  BI-WEEKLY  PROGRESS  LETTER  (January  15,  1369  to 

January  24,  1969) 

a.  Contractor  Design  Services  for  HANDEC  II 

Preliminary  design,  calculations,  drawings  and  speci¬ 
fications  were  in  progress  for  HANDEC  II  in  accordance  with 
the  statement  of  work. 

b.  Contractor  Construction  Services  for  HANDEC  I  and  II 


The  contractor  commenced  loading  construction  materials 
and  equipment  from  their  Albuquerque  construction  yard  in 
preparation  for  movement  to  the  AFWL  test  site.  Cedar  City, 
Utah,  i'he  first  load  of  equipment  arrived  on  site  January  1.5, 
1969.  Orders  were  placed  for  structural  steel  for  AFWL  models 
on  HANDEC  I  and  for  structural  steel,  structural  steel  decking, 
subdecking  and  rebar  for  the  HANDEC  I  and  HANDEC  II  HfJST 
facilities.  The  instrumentation  trailer  protective  structure 
structural  steel  used  on  the  ROCKTEST  I  test  was  trucked  to 
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were  forced  and  grading  and  drilling  at  the  HANDEC  I  site  was 
commenced .  Detonating  cord  rack,  supports  were  redesigned  for 
better  structural  support. 

2.  SECOND  BI-WEEKLY  PROGRESS  LETTER  (January  21,  1969  to 

February  7,  1969) 

a.  Contractor  Design  Services  for  HANDEC  ii 

Work  continued  on  design  drawings  and  specifications 
for  HANDEC  II  structure. 

b.  Contractor  Construction  Services  for  HANDEC  I  ana  II 

Reinforcing  for  trailer  shelter  structure  footings 
and  piers  was  placed  and  tied.  Cold  weather  and  snow  hampered 
construction  activities  requiring  removal  of  steel  from  the 
footings  and  snow  from  excavations.  Concrete  (24  yards)  was 
heated  and  poured  for  trailer  structures.  Drilling,  blasting 
and  rock  removal  at  the  HANDEC  I  test  bed  continued.  The  test 
bed  was  then  cleaned  with  compressed  air.  Inspection  and 
further  direction  was  requested  by  the  contractor  from  AFWL 
before  proceeding  further.  Drilling  and  blasting  for  power 
poles  commenced.  Another  safety  meeting  was  held  on  site 
February  6,  1969. 

3.  THIRD  BI-WEEKLY  PROGRESS  LETTER  (February  8,  1969  to 

February  21,  1969) 

a.  Contractor  Design  Services  for  HANDEC  II 

Progress  continued  on  design  drawings  and  specifica¬ 
tion  for  the  HANDEC  II  facility.  The  design  drawing  pacKage 
consisted  of  eleven  structural  drawings  ar.d  six  electrical 
drawings . 

b.  Contractor  Construction  Services  for  HANDEC  I  and  II 

Work  continued  on  the  trailer  structure  foundations 
and  erection  of  structural  steal  commenced.  Trenches  wore 
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opened  and  electric  cables  placed  and  backfilled.  Work 
continued  maintaining  roads  and  on  additional  access  roads, 
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Work  on  the  lightning  protection  system  and  lighting  in  this 
area  commenced.  The  Corps  of  Engineers  commenced  perimeter 
drilling  of  the  lined  and  unlined  silos  for  HANDEC  X,  Drilling 
of  explosive  shot  holes  for  the  HANDEC  II  test  bed  began. 
Chemical  toilets  for  site  were  completed.  The  distance  required 
to  bring  water  to  the  site  was  measured. 

4.  FOURTH  BI-WBEKL*  FRCGRESS  LETTER  (February  22,  1969  to 
March  7,  1969) 

a.  Contractor  Design  Services  for  HANDEC  IX 

Mr.  Howard  Taylor,  Consulting  Civil  Engineer,  delivered 
the  preliminary  submittal  of  design  plans  and  specifications 
to  Lt.  Vercnolle,.  AFWL,  on  site  March  1,  1969. 

b.  Contractor  Construction  Services  for  HANDEC  I  and  II 

Construction  was  hampered  due  to  weather  conditions 
and  heavy  snow,  but  the  trailer  shelter  structure  was  completed 
and  construction  was  started  on  the  detonating  cord  rackB  in 
the  contractor's  shop  located  in  Cedar  City.  Electric  work 
was  completed  except  for  lighting  of  the  metal  storage  building. 
Additional  drilling  and  blasting  was  required  due  to  the  addi¬ 
tion  of  free  field  instrumentation  holes  tor  both  HANDEC  I  and 
HANDEC  II.  Structures  4,  5  and  6  and  free  field  instrumenta¬ 
tion  hole3  for  Corps  of  Engineers  drilling  on  HANDEC  I  were 
surveyed  and  excavation  of  the  HANDEC  II  test  bed  was  completed, 
A  crane  was  operated  for  AFWL  personnel  photographic  coverage. 
Bertiio  were  started  for  the  trailer  shelter  structure  protection. 


5.  FIFTH  BI-WEEKLY  PROGRESS  LETTER  (March  8,  1963  to 
March  21,  1969) 

a.  Contractor  Design  Services  for  HANDEC  II 

Work  continued  on  the  HANDEC  II  facility  design. 
Corrections  on  preliminary  plans  and  specif  ic?it  ions  were 
expected  soon  from  AFWL,  so  that  the  final  design  submittal 
could  be  made. 

b.  Contractor  Construction  Services  for  HANDEC  I  and  II 

Detonating  cord  rack  and  rack  supports  were  completed 
for  HANDEC  I  and  construction  of  racks  for  HANDEC  II  were 
started.  Foundations  were  formed,  steel  placed,  concrete 
poured  and  structural  steel  erected  to  complete  the  40  by  100 
foot  metal  storage  building.  Work  was  started  on  the  trailer 
shelter  earth  berm.  Water  pipe  was  received  and  installed  to 
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provide  site  with  construction  water.  Shop  fabrication  was 
started  on  the  instrumentation  cable  protective  system.  Guard 
shucks  were  built  and  delivered  to  the  site  and  a  culvert  under 
the  main  access  road  to  site  was  placed.  A  survey  was  made  for 
instrumentation  trench  locations  on  HANDEC  I  and  the  contractci 
was  requested  to  survey  and  clean  the  ROCKTEST  II  test  bed. 
Corps  of  Engineers  drilled  instrumentation  holes  in  lined  and 
silos  on  HANDEC  I  for  instrumentation,  started  center- 
line  drilling  for  instrumentation  trenches,  and  began  drilling 
silos  for  the  HANDEC  II  structure. 

6.  SIXTH  31-WEEKLY  PROGRESS  LETTER  (March  22,  1969  to 
April  4,  1969) 

a.  Contractor  Design  Services  fcr  HANDEC  II 

Work  on  final  design,  calculations,  drawings  and 
specifications  continued.  Final  design  submittal  target  date 
v-as  set  for  April  14,  1969. 


b.  Contractor  Construction  Services  for  HANDED  I  and  II 

Work  continu  d  on  che  cleaning  of  the  ROCKTEST  IT 
test  bed.  Reinforcing  on  silos  and  models  v.’as  placed,  struc¬ 
tures  were  set  in  place  for  HANDEC  I  and  the  specified 
concrete  for  structures  01  through  CG  was  poured.  The  metal 
storage  building  was  completed  for  occupancy  by  the  Air  Force. 
Work  continued  on  drilling  and  blasting  for  instrumentation 
trenches  on  HANDEC  I.  Detonating  cord  racks  were  delivered 
to  the  site  while  fabrication  of  lumber  for  the  HANDEC  II  test 
continued  in  the  contractor's  shop.  Wrapping  the  400  grains 
per  foot  detonating  cord  on  fabricated  racks  was  started, 
transformers  were  set  to  complete  the  first  phase  of  the 
electrical  work  on  site  and  the  explosive  storage  berms  were 
completed.  The  revetment  building  materials  for  transformer 
protection  and  cable  junctions  was  rec.eived  on  site.  A  con¬ 
tractor's  crane  was  U3ed  for  photography  of  the  R0Ci?I£ST  II 
test  bed  for  AFWL.  The  Corps  of  Engineers  started  drilling 
of  perimeter  holes  for  the  HANDEC  II  structures,  cable  trenches 
and  the  free  field  holes. 

7.  SEVENTH  B I -WEEKLY  PROGRESS  LETTER  (April  5,  1969  to 
April  18,  1969) 

a.  Contractor  Design  Services  for  HANDEC  II 

Final  design  plans,  specifications  rau  ca  v  ’.ft  ionr 
>jere  submitted  to  AFWL  on  April  14,  1969.  Plans  _ 

catlons  were  approved  by  C  pu.  Philip  Madden  on  thl©  aate. 

Final  chronoflex  drawings  and  specifications  were  transmitted 
tp  AFWL  on  April  25,  1969. 

b.  Contractor  Construction  Services  for  HANDEC  I  and  II 

Wrapping  of  detonating  cord  racks  for  HANDEC  1  was 
completed.  Rebgr.  and  dowels  were  placed  and  concrete  walls 
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were  poured  for  the  HANDEC  I  structure.  Anchor  bolts  for 
columns  were  drilled,  set  and  grouted,  columns  and  beams  were 
placed  and  base  plates  were  dry-packed.  The  instrumentation 
trench  concrete  cap  was  poured  to  specified  strength.  HANDEC 
II  work  continued  on  chipping  and  cleaning  rock  from  instrumen¬ 
tation  trenches.  Placing  and  tying  wall  steel  was  begun  on 
HANDEC  II,  while  detonating  cord  rack  fabrication  continued. 
Lighting  for  metal  storage  building  was  completed  and  construc¬ 
tion  of  revetments  and  earth  overburden  was  started  at  eleven 
locations.  The  ROCKTEST  II  activity  consisted  of  air  blowing 
the  rock  surface  of  the  pit  for  photography  by  the  Air  Force 
Weapons  Laboratory. 

8.  EIGHTH  BI-WEEKLY  PROGRESS  LETTER  (April  21,  1969  to 

May  2,  1969) 

a.  Contractor  Construction  Services  for  HANDEC  I  and  II 

Beams  for  HANDEC  I  were  removed  in  order  to  allow  CERF 
to  place  instrumentation.  Structures  were  cleaned  of  dirt  and 
waiter  caused  by  high  winds  and  rain.  Fabrication  and  installa¬ 
tion  of  the  hardened  instrumentation  cable  protective  system 
was  accomplished. 

Work  on  HANDEC  II  consisted  of  drilling  explosive  holes, 
loading  and  shooting  trenches  and  structures.  Rock  removal 
continued  after  each  shot  to  clean  trenches  and  silos.  Deto¬ 
nating  cord  rack  wrapping  commenced.  Rebar  was  tied  directly 
on  steel  shells.  Structural  steel  arrived  for  HANDEC  II. 
Revetments  were  placed  and  constructed  for  the  DATEX  I  test 
firing  system.  AFWL  moved  four  trailers  into  the  trailer  shel¬ 
ter  protective  structure. 
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9.  NINTH  BI-WEEKLY  PROGRESS  LETTER  (May  5,  1969  to 

May  16 ,  1969) 

a.  Contractor  Construction  Services  for  HANDEC  I  and  II 

Contractor  activities  on  HANDEC  I  consisted  of 
placing  closures  over  silos  with  crane,  completing  the  instru¬ 
mentation  cable  protective  system  and  placing  all  detonating 
cord  racks  in  test  bed  by  use  of  crane.  All  horizontal  ties 
for  detonating  cord  and  planewave  generator  details  were 
completed,  beams,  subdecking  and  decking  completed  and  deck 
was  welded  in  accordance  with  design  drawings.  Berm  and  sur¬ 
charge  placement  was  commenced  and  revetments  outside  the  berm 
area  for  the  DIHEST  firing  system  were  placed. 

Activities  for  HANDEC  II  included  drilling,  shooting 
and  removing  rock  from  silos  which  were  drilled  out  of  plumb 
by  the  Corps  of  Engineers,  wrapping  racks  and  assembling  them 
on  support  racks.  Rack  construction  was  completed  and  racks 

were  covered  with  tarps  on  May  16,  1969. 

* 

10.  TENTH  BI-WEEKLY  PROGRESS  LETTER  (May  17,  1969  to 
May  30,  1969) 

a.  Contractor  Construction  Services  for  HANDEC  I  and  II 

Construction  activities  for  HANDEC  I  consisted  of 
continuation  of  berm  and  surcharge  placement,  erection  of 
targets  on  surcharge,  drilling  of  two  surcharge  dispersal  holes, 
locating  and  erecting  two  camera  towers,  blading  observation 
area  for  test  event,  and  removing  all  equipment  from  site  for 
the  HANDEC  I  test  conducted  on  Thursday,  May  29,  1969. 

Construction  continued  on  HANDEC  II  as  follows: 
Planewave  distribution  panels  were  assembled,  instrumentation 
cable  protective  system  design  was  revised  by  AFWL,  removal 
of  rock  from  all  structures  continued,  borrow  area  was  cleared, 
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rebar  and  rebar  rats  were  placed  for  structures,  steel  liners 
were  welded  and  instrumentation  holes  located. 

11.  ELEVEN I'li  BI-WEEKLY  PROGRESS  LETTER  (June  2,  1969  to 
June  13,  1969) 
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Construction  tasks  were  the  surcharge  anc  berm 
removal  on  HANDEC  I,  renova  1  of  debris  and  clean  up  of  test 
bea  on  HANDEC  II  caused  by  the  HANDEC  I  shot,  and  removal  of 
all  closures  fo:  AFWL  inspection. 

HANDEC  II  activities  continued  with  placing  aowels, 
wall  forms  ana  reinforcing  steel  for  the  exterior  concrete 
walls.  Rebar  placement  on  structures  continued.  Structures 
were  placed,  leveled,  and  concrete  poured  for  structures  13, 
14,  15,  16,  17,  18  and  19.  The  instrumentation  cable  pro¬ 

tective  system  was  fabricated.  A  revised  trenching  plan  was 
received  from.  AFWL  and  five  free  field  holes  were  drilled  to 
greater  depth  by  the  Corps  of  Engineers. 

12.  TWELFTH  BI-WEEKLY  PROGRESS  LETTER  (June  16,  1969  to 
June  27,  1969) 

a.  Contractor  Construction  Services  for  HANDEC  I  and  II 


HANDEC  II  walls  were  formed,  reinforced,  poured  and 
forms  removed.  Anchor  bolts  were  drilled,  set  and  grouted  for 
overpressure  structure  columns.  AFWL  silos,  closures  and 
trenches  were  poured.  FDS  III  test  was  conducted  June  23,  1369 
and  all  equipment  removed  from:  site.  Beams  and  columns  were 
placed  for  the  surcharge  support,  and  CERF  placed  instrumenta- 


4b 


t  ion 
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.  THIRTEENTH  BI-WEEKLY  PROGRESS  LETTER  (June  30,  1969  to 
July  li,  1969) 

a.  Contractor  Construction  Services  for  HANDEC  I  and  II 

Work  continued  to  chip  rock  to  open  instr u:.  entat  i on 
trenches.  Column  setting  and  cry-packing  continued  as  cic 
fabrication  and  installation  of  instrumentation  cable  protec¬ 
tive  system.  Contractor's  crane  and  personnel  were  used  to 
help  AFWL  and  CERF  place  instrumentation  cable  in  protective 
pipe.  Closures  from  the  HAN'L-EC  1  test  were  moved  to  the 
DaTEX  II  site. 

14.  FOURTEENTH  BI-WEEKLY  PROGRESS  LETTER  (July  12,  1969  to 
July  25,  1969) 

a.  Contractor  Construction  Services  for  HANDEC  I  and  II 

Activities  cr-  -ted  oi  continuing  work  on  the  instru¬ 
mentation  cable  pro^ l -  Live  system,  backfilling  the  trenches 
with  sand  and  pouring  the  top  concrete  cap.  Construction  of 
the  berm  was  started  for  that  portion  that  fell  within  the 
ROCKTEST  II  nest  bed.  Detonating  cord  racks  were  placed  into 
the  pit  with  a  crane  and  horizontal  ties  were  made.  Lightning 
protection  p: les  were  placed  and  placement  of  beams  and  subdeck 
commenced . 

15.  FIFTEENTH  BI-WEEKLY  PROGRESS  LETTER  (July  26,  1969  to 

August  8,  1969) 

a.  Contractor  Construction  Services  for  HANDEC  1  anc  11 

Placement  of  subdeck  and  steel  beams  for  HANDEC  II 
was  completed.  Steel  decking  was  welded  to  beams  and  seams 
were  crimped  in  accordance  with  design  drawings.  Backfill  was 
placed  around  walls,  surcharge  and  earth  berms  were  placed  and 
the  DIHEST  bern  was  started  after  AFWL  had  completed  placing 
the  DIHEST  explosives. 
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10,  SIXTEENTH  31— WEEKLY  PROGRESS  LtiiER  (August  9,  1909  to 
August  22,  1969) 

a.  Contractor  Construction  Services  for  HANDEC  3  and  II 

LINEST  her::  construction  for  HANDEC  11  was  compietec 
and  all  equipment  was  re:  ovc-c  fro::,  site  August  14  in  prepara¬ 
tion  for  the  HANDEC  II  test  event.  After  the  test  event,  all 
equipment  was  returned  to  the  test  site  and  work  commenced  on 
removal  of  HANDEC  II  surcharge,  earth  berms,  and  earth  anc 
rock  which  entered  the  ROCKIEST  II  test  bed. 

17,  SEVENTEENTH  ANT  EIGHTEENTH  BI-WEEKLY  PROGRESS  LETTER 
(August  23,  1969  to  September  10,  1969) 

a.  Contractor  Construction  Services  for  HANDEC  I  and  II 

All  beams,  deck,  subdeck,  and  earth  surcharge  were 
removed  to  expose  the  HANDEC  II  test  bed  for  visual  observation 
of  test  structure  responses  and  the  recovery  of  self-recording 
instrumentation.  All  research  models  and  silo  closures  were 
removed  for  inspection  by  AFWL  and  the  concrete  cap  from;  125 
linear  feet  of  cable  trench  was  removed  for  inspection  and  gage 
recovery  by  AFWL, 
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AF PL Kb IX  11 

cc nstr uct ick  phctc  graphs 

Tnis  appendix  ccntsinc  Figures  4  through  62  which  is  a 
collection  of  construction  photographs  selected  to  present 
a  pictorial  record  of  the  significant  and/cr  unique  construe 
tion  events  and  to  illustrate  the  progress  of  the  job. 
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Figure  4, 


Governrent  Drill  Crews  Line  Drilling  the 
Perimeter  of  the  AFWL  Lined  Silo  for 
HANDEC  I,  February  1969. 
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Figure  13.  Cutting  Liner  Plate  for  instrumentation 
Penetration,  HANPEC  I. 
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Figure  14.  lop  of  AFWL  Structure  S-l,  Upside  Down  for 
Instrumentation  Placement.  HANPEC  I. 
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Figure  15.  Top  of  AFWL  Structure  S-2,  Upside  Down  for  Ease 
of  Instrumentation  Installation.  HANDEC  I. 
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Figure  18,  CEBF  Installing  Instrumentation.  Contractor 
Erecting  Columns  and  Beams  for  HANDEC  I. 
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Figure  19.  HANDEC  I  Test  Bed,  Showing  Concrete  Walls, 
Beams,  Columns  and  Test  Model  Locations, 


Figure  20.  HAN9EC  I  On  lined  Silo  Showing  Instrumental  ion 
Holes  Drilled  into  ilocK. 
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carrh  Fill  Between  Steel  Beams  Prior  to 
Figure  27.  DgcK  InstaUation,  HAKDEC  I 


. 


wi  • 


-  rCf 


Irw 


.x 


»0iv 


Figure  28, 


Installation  of  Firing  System  for  DIHEST, 
HANDEC  I. 
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Fiyure  38.  HANDEC  II  Test  Bed  Filled  with  Debris  from 
the  HANDEC  1  Test  Event. 
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Figure  41.  Corps  of  Engineers  and  Contractor  Drill  Uiqo, 
HANDEC  II  Test  Bed. 


Figure  42.  Contractor  Drill  Rig  Drilling  Rock  Knliui  HuU « 
for  BlaEiting  InnCruioentation  Treucheu. 
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Figure  45.  HANLEC  II  Rock  Excavation  for  Lined  Kilo. 


Figure  46.  Rock  Excavation-Lined  Kilo.  HAM DEC  11. 


72 


}  ,  •••  ■■■  •-  •  ■■  • 

v*  v...  -  ■  *4lSE9Bi&flL _ 

:  ■-  ;  • .  'V' 

"r  -  *,J  !  “  . 

V  .  a.'.  •  .!  i-t.iVi: 


itf  V-  :  ■  f  ■*  >  • 


F.lguro  47.  UANDIiC  II  Research  Model  Uhow^ng  out  of  Level 
on  bearing  Rina  Received  from  itocl  Fabricator 


■  .  •"*  %  .  ...  •'  •  * 

,  >/*'*,  'A-.- •,  • 

;/V' •  ^ *'*■  »* •’  ■  .  ‘  ■  1  . ;  " '  '  ;  •  #:  * 
•:  ’  '  '■  •/>•■  •  ’  ,  •• 

,  v  •.  ", .•  .  •  ,■  i  ; 

•  .....  .  /.  v;,  •  +  •  •  ~. 


■■  ‘  rv . — . *  »■■■  i  *■  »*  ‘t  v 

#  *  :  ■  1  *  *•  •  • 

»,  ,  .  1  ,  ,■ 

1  .  p  >' 1  i  .  ‘ 

• . 

t  ’ h  - 

k '  J**  f  *"  .. 

>f  #  t  .  • 

•  •  *• 

•  •  \  .  .  :j’o-  '»  * ■  4  •  •  , 

• . . 

•W.fc.ri..:.  ,  'V* ; 

..  JyWJn: 

- *  •  *-  -  —  *-  ■  - ; 

w  #;  ..ft  ; .  ."*■  .. ,  ♦ 

'V  ’  ;•* .« .  i,  *•; •*  ■■ 

"•  ’?*'•/.  *■  '  / 

-  -r  -  .-iL* _ '  '  •  s  ■-  ^  - 
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Figure  52.  Lowering  Lined  Backpacked  Silo  Number  12  into 
Rock  Excavation,  HAHDEC  II. 
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Figure  60.,  HANDEC  il  Prior  to  Test  Event 
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Details 
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CONSTRUCTION  DRAWINGS  HANDEC  II 


This  appendix  contains  the  following  drawings: 
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Details 
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Pre-Fab  Building  Plan  and  Details 
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Lightning  Protection  Plans  and 
Details 
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APPENDIX  V 


SURVEYS 
HAM DEC  II 
POST  TEST  SURVEY 

PERMANENT  VERTICAL  DISPLACEMENT* 


Location 

No . 

LOCATION 

Distance  and 
Direction  from 
North-East  Corner 
ilneide)  (ft.) 

Change  in 
Elevation 
(Positive) 
(To.) 

REMARKS 

S 

W 

i 

30.00 

2.00 

3.74 

Rock 

2 

0.00 

6.00 

Lost 

Trench 

3 

37.50 

6.00 

5.60 

Trench 

4 

60-00 

6. CO 

4.94 

Rock 

5 

75.00 

6.00 

5.41 

Rock 

6 

41.25 

12.00 

5.00 

Trench 

7 

n.  :s 

14.00 

4.98 

S/-‘14  center  (Structure7-14 
Center) 

8 

15.08 

14.00 

4.99 

S4‘14  edge 

9 

26.25 

14.00 

4.30 

S 6‘  1 5  center 

10 

30.08 

14 . 00 

4.89 

Sf'15  edge 

11 

88.00 

16.00 

5.95 

Top  of  surface  pipe 

12 

60 . 00 

13.00 

10.53 

Rock 

13 

75.00 

18.00 

6.74 

Rock 

14 

15,00 

22.00 

5.17 

Rock 

15 

33.75 

26.00 

Lost 

S 1 6  center 

16 

3b.  50 

26,00 

7.04 

S,r  16  edge 

17 

45.00 

26.00 

8.60 

Trench 

18 

75.00 

26.00 

15.61 

Trench 

19 

26.25 

30.00 

Lost 

S ‘  1 7  center 

20 

29.00 

30. 0G 

7.34 

Sr  17  edge 

21 

41.25 

30.00 

5.65 

Trench 

22 

11.25 

34.00 

6.61 

Sr 13  center 

23 

15.08 

34.00 

6.74 

S 1 3  edge 

24 

33.75 

34.00 

Lost 

S • 7 1 9  center 

25 

36.50 

34.00 

7.97 

S''19  edge 

26 

52.50 

34.00 

25.30 

Rock 

27 

26.25 

38.00 

Lost 

S'1 18  center 

28 

29.00 

38.00 

8.50 

S •'  18  edge 

29 

37.50 

38.00 

8.54 

Conci et  e 

30 

75.00 

38.00 

22.40 

Rock 

'J  1  A 

1C  f\/\ 

J  'i  S\r\ 

mtXil 

A.  _/  .  V'W 

Ht.UO 

J.  U  .  IL 

i i cnen 

31 U 

30 , 00 

42.00 

8.00 

Trench 

*Sec  Figure  106 


129 


)  cat  ion 

i . 

LOCATION 

Distance  and 

Direction  Iron: 
North-Last  Corner 
(Inside)  (ft.) 

Change  in 
Klevation 
(Positive) 
(In.) 

REMARKS 

S 

W 

3; 

£8 .  00 

44.00 

9 . 50 

Top  of  surface 

33 

11.25 

50.00 

10.70 

8  "12  center 

34 

15.08 

50.00 

11.40 

Sr  12  edge 

3b 

33.75 

50.00 

10.50 

S <■ )  i  center 

36 

37.58 

50.00 

10.32 

S/!li  edge 

37 

75.00 

50.00 

17.30 

Pock 

36 

41.25 

54.00 

12.88 

Trench 

39 

52.50 

54.00 

18.41 

Pock 

40 

52.50 

58.00 

15.70 

Rock 

J.3u 


■gee  aase 


HANDEC  II 


POST  itSi  5‘lRVc.Y 

PERMANENT  HORIZONTAL  DISPLACEMENT* 


LOCATION  ** 

Displacement  in 
North  Direction 
(ft) 

Displacement  in 
East  Direction 
(ft) 

LOCATION* 

Displacement  in 
Nor tli  Direction 

(fc) 

Displacement  in 
East  Direction 
(ft) 

101 

1.10 

0.63 

501 

0.77 

0.90 

102 

0.93 

1.04 

502 

0.83 

0.89 

103 

1.04 

0.87 

504 

0.77 

0.87 

10  A 

1.02 

0.87 

505 

0.79 

0.92 

107 

0.83 

C.C2 

507 

0.76 

0.93 

108 

0.91 

0.82 

511 

0.71 

0.69 

113 

0.72 

0.82 

512 

0.63 

0.66 

513 

0.74 

0.69 

201 

0.98 

0.81 

514 

0.85 

0.73 

202 

0.95 

0.96 

203 

0.97 

0.80 

601 

0.78 

0.92 

208 

0.60 

0.67 

602 

0.80 

0.98 

209 

0.71 

0.69 

603 

0.79 

0.95 

213 

0.84 

0.82 

606 

0.66 

0.97 

607 

0.49 

0.92 

301 

0.87 

0.89 

632 

0.32 

2.66 

302 

0.92 

0.84 

614 

0.38 

2.67 

307 

0.78 

0.56 

308 

0.75 

0.74 

701 

0.77 

0.99 

310 

0.71 

0 , 78 

702 

0.85 

1.13 

313 

0.80 

0.70 

703 

0.81 

1.04 

704 

0,60 

1.04 

401 

0.84 

0.94 

706 

0.73 

1.13 

402 

0.85 

0.89 

707 

0.41 

1.11 

403 

0.99 

0.91 

708 

0.51 

1.10 

404 

0.96 

0.93 

710 

0.25 

0.54 

405 

0.87 

0.84 

711 

0.23 

2.64 

407 

0.82 

0.83 

7)2 

0.65 

2.65 

413 

0.71 

0.68 

713 

0.53 

2.61 

4i4 

0 . 79 

0. 79 

714 

0.31 

2 »  4 

*See  Figure  107 

**Firat  aigit  denotes  column  row  nuii'ber  lrom  north  to  south 
Last  two  digits  denote  column  number  from  east  to  west 
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A  method  oe-  simulating  the  effects  of  the  static  overpressure  of  the  airblast  and  the 
resulting  alrblast-induced  ground  motions  associated  with  a  nuclear  blast  was  developed 
by  the  Air  Force  Weapons  Laboratory,  and  was  designated  High  Explosive  Simulation 
Technique  (HEST).  Recently,  the  Air  Force  Weapons  Laboratory  has  been  conducting  tests 
to  simulate  the  direct-induced  ground  shock  from  a  nuclear  detonation  and  has  desig¬ 
nated  this  simulation  as  Direct  T.nduced  High  Explosive  Simulation  Technique  (DIHEST). 
riupuaeu  const ruction  cf  new,  harder  vesper,  tys terns  in  rock  Rites  made  it  desirable  to 
apply  the  HEST  and  DIHEST  technique  to  structures  and  research  models.  HANDEC  1  and 
HAN DEC  II  were  the  first  tests  using  both  the  HEST  and  DIHEST  method  to  simulate  these 
environments.  Tills  report  describes  the  design  and  construction  of  both  the  HANDEC  I 
and  HANDEC  II  test  facilities  that  were  constructed  in  rock  located  near  Cedar  City, 
Utah.  Design  criteria  are  stated,  some  unique  construction  methods  used  are  described, 
and  recommendations  are  made  for  application  to  future  similar  projects.  A  complete 
set  of  design  drawings  and  construction  photographs  are  included.  The  Air  Force 
conducted  the  tests  and  analyzed  the  results.  This  phase  of  the  project  is  described 
In  another  AFw'L  technical  report  and  ia  not  included  herein.  ,r  . 
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